Extracts of callus or cell suspension cultures from petioles of Ginkgo biloba catalyzed the production of (+)-gallocatechin (2,3-trans-3,5,7,3',4',5'-hexahydroxy-flavan) from (+)-dihydromyricetin (5'-hydroxy-dihydroquercetin) along with the expected 3,4-cis-diol intermediate, leucodelphinidin, in a NADPH-dependent double-step reductase reaction at pH 7.4. The latter diol, isolated from the above incubation mixture, produced (+)-gallocatechin in a NADPH-dependent reaction.
Two NADPH reductases, acting in sequence to reduce DHQ2 first to its 3,4-cis-diol (leucocyanidin) and then to (+)catechin (diphenolic B-ring), were previously reported in extracts derived from cell suspension cultures of Douglas fir (10, 1 A similar double-step production of the dimer was made from the diol synthesized enzymically with protein extracts from Douglas fir cultures. After a regular 3-h incubation with DHM in a complete medium, 50 ,ug of (+)-catechin were added and the pH lowered immediately with HCI to about I and held at room temperature for 30 min (2), or with acetic acid to pH 5 for 1 h (3). The ethyl acetate extracts of the above incubation mixtures were chromatographed on paper; the major Prussian Blue positive product migrated to the expected dimer area. In a 3x scale experiment with the pH 1 method, the dimer product, collected by HPLC and chromatographed on paper, again migrated to the expected RF value. tion was identical enzymically and chromatographically (HPLC and paper chromatography) with the DHM standards described above.
Nonenzymic Preparation of Flavan-3,4-diols of DHM. An ethyl acetate extract containing the NaBH4 reduction products of DHM, presumably the 3,4-trans-diol, was made in a manner similar to that used for DHQ (I 1, 12), except that it was done on a smaller scale and the original DHM substrate was added in a paper-bound form due to the small amount of DHM available. A mixture containing the acid epimerization product of the presumed 3,4-trans-diol was made from the above crude ethyl acetate reduction-mixture as previously described for the 3,4-cisdiol of DHQ, except on a smaller scale ( 11, 12).
Enzymic Preparation of 3,4-cis-Diol from DHM as a Substrate for Diol Reductase. Small amounts of paper-bound diol product of DHM reductase were obtained from a large scale complete incubation mixture (4 times the regular amounts) with protein extracts from Douglas fir cultures. The diol area was detected by spraying narrow strips cut from the edges of the expected position. The central unsprayed portion containing about 20 jig diol was cut into small squares that were added as the substrate in a second complete incubation mixture containing protein extracts from Ginkgo for determination of diol reductase activity.
Preparation of the Dimer, Gallocatechin-(4ao-8)-catechin.
RESULTS AND DISCUSSION Identification of Products (Table I) . Activity with DHM was determined in a complete system containing NADPH at pH 7.4, similar to that used for the DHQ reductases (10, 1 1). In addition to the residual DHM, two distinct Prussian Blue positive spots were observed when ethyl acetate extracts of the incubation mixture were chromatographed on paper. The major spot at the lower RF value was considered to be the 3,4-cis-diol (leucodelphinidin), in analogy to the enzymic product from DHQ; the upper, minor spot migrated to an area similar to that of a gallocatechin standard.
HPLC analyses of comparable ethyl acetate extracts showed a relatively complex set of UV absorbing peaks at 280 nm. Two of these, however, had VE values of the expected 3,4-cis-diol and gallocatechin (Table I ). The suspected diol peak was collected, extracted into ethyl acetate, and evaporated to dryness; when heated at 95C in butanol-HCI reagent, the blue-purple color characteristic of delphinidins was observed (9) . When a known amount ofgallocatechin was cochromatographed with an aliquot ofthe ethyl acetate extract ofan enzymic mixture, a symmetrical, additive peak was obtained when compared to the peak from an aliquot with no added gallocatechin. DHM Reductase Activity in Ginkgo Extracts (Table II, Fig.  1 ). The production of a presumed 3,4-cis-diol and its reduction product, gallocatechin, was completely dependent on the presence of NADPH and did not occur with boiled enzymes. The amount of both products formed was linear with enzyme concentration and was similar at the range between 25 to 100 jig DHM (calculated as catechin equivalents). More of the diol intermediate accumulated than the final flavan-3-ol; this was also the case with DHQ as substrate with enzyme extracts from both Ginkgo and Douglas fir.
Comparison with Activities in Extracts from Douglas Fir Cell Suspension Cultures. When DHM was added to a complete incubation mixture with Douglas fir as the enzyme source, significant amounts of the above 3,4-cis-diol (leucodelphinidin) were detected on paper chromatograms, but only trace amounts of gallocatechin were found; the amounts of diol formed were only about one-fourth to one-half of the diol (leucocyanidin) formed from DHQ.
Intact Douglas fir needles contained gallocatechin and about a 1:1 mixture of prodelphinidins to procyanidins (8) of a NaBH4 reduction mixture was analyzed by paper chromatography, the major product was observed at an RF value below that of DHM, at a distance comparable to that between DHQ and its 3,4-trans-diol. When examined with HPLC, two major peaks were observed, the larger one was DHM and the smaller was suspected to be its 3,4-transdiol. Collection, concentration, and recycling of this latter peak in 5% acetic acid (v/v) produced a second peak considered to be the acid epimerization product, 3,4-cis-diol (1 1, 12 ). This same peak was obtained when the ethyl acetate extract of an acid epimerization mixture (11, 12) of NaBH4 reduction products was analyzed by HPLC. After paper chromatography, a lower R, product was observed, again at a distance comparable to that obtained with DHQ and its 3,4-cis-diol. This acid epimerization product had identical HPLC and paper chromatographic properties as the product in the enzymic incubation mixtures.
The major NaBH4 reduction product of DHM, therefore, is considered to be the 3,4-trans-isomer; Dr. Henrik Outtrup of the Carlsberg Laboratory, Copenhagen, has confirmed this with NMR (6) . Since only two isomers are expected, we assume that the acid epimerization product of the 3,4-trans-diol must be the 3,4-cis-isomer.
Diol Reductase Activity in Ginkgo Extracts. Direct evidence that the diol product produced enzymically during the reduction of DHM is the precursor of the gallocatechin formed was obtained by first isolating by paper chromatography the diol produced in the first step, and then feeding it as a paper-bound substrate to 
CONCLUSIONS
Extracts from tissue cultures of G. biloba and Pseudotsuga menziesii (Douglas fir) contained two NADPH-dependent reductases capable of reducing DHM to its 3,4-diol and then to its flavan-3-ol, (+)-gallocatechin, in a manner similar to that obtained with DHQ (11, 12). With both dihydroflavonols, the stereochemistry of the major 3,4-diol reduction product differed depending on whether the initial reduction was enzymic or chemical with NaBH4; i.e. the chemical reduction product was the 3,4-trans-isomer (6, 7) , while the enzymic product was the 3,4-cis-diol. The acid epimerization product of the chemically produced 3,4-trans-diol was identical to the enzymic product.
